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(7) ABSTRACT

A deformable intraocular lens insertion system comprising a
lens injecting device and a lens cartridge with a rotary
connecting arrangement between the lens injecting device
and the lens cartridge. The invention includes preloading the
deformable intraocular lens insertion system, in particularly
the lens cartridge to reduce the amount of packaging,
prevent damage to the deformable intraocular lens during
packaging and shipping, allow the preloaded lens cartridge
to be autoclaved as a unit, and eliminate the step of loading
the lens cartridge with the deformable intraocular lens by the

(22) Filed: Jan. 16, 2001 end user to prevent potential damage during this step.
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DEFORMABLE INTRAOCULAR LENS INSERTION
SYSTEM

[0001] (3) U.S. patent application entitled “INTRAOCU-
LAR LENS INJECTION SYSTEM?”, Ser. No. 08/220,999
filed on Apr. 1, 1994;

[0002] (4) US. patent application entitled “DEFORM-
ABLE INTRAOCULAR LENS CARTRIDGE”, Ser. No.
08/197,604 filed Feb. 17, 1994;

[0003] (5) U.S. patent application entitled “HINGELESS
INTRAOCULAR LENS MICROCARTRIDGES, Ser. No.
08/196,855 filed on Feb. 15, 1994;

[0004] (6) U.S. patent application entitled “METHODS
OF IMPLANTATION OF INTRAOCULAR LENSES”, Ser.
No. 08/195,717 filed on Feb. 14, 1994; and

[0005] wherein (1) is a continuation and (2)-(6) are con-
tinuation-in-part applications of U.S. patent application
entitled “INTRAOCULAR LENS INSERTION SYSTEM?”,
Ser. No. 07/953,251 filed Sep. 30, 1992, now abandoned;
and

[0006] All of the above cited U.S. Patent Applications are
fully incorporated by reference herein.

FIELD OF THE INVENTION

[0007] This invention relates to a deformable intraocular
lens insertion system including a lens injecting device and a
lens cartridge that can be connected and locked together
after loading the deformable intraocular lens into the lens
cartridge. Further, the present invention relates to a deform-
able intraocular lens insertion system having one or more
disposable components, in particular a deformable intraocu-
lar lens insertion system comprising two separate main
components including a disposable lens injecting device and
a disposable lens cartridge.

BACKGROUND OF THE INVENTION

[0008] The deformable intraocular lens insertion system
currently being sold and marketed by STAAR Surgical
Company of California has gain widespread acceptance in
the field of deformable intraocular lens implantation. The
current system utilizes an injector made of titanium so that
the unit can be autoclaved and reused numerous times. The
components of the titanium injector are machined from bar
stock to a high degree of accuracy according to current
specifications, and then the components are assembled into
the final injector unit. The cost of the materials, and labor
costs involve with machining and assembly are substantial
providing an incentive to seek less expensive alternatives.
Further, the steps of cleaning and autoclaving the injector
unit between operations is a time burden and nuisance to
busy surgeon practitioners having back-to-back operation
schedules. In addition, the injector must be properly auto-
claved to ensure complete cleaning and sterilization to
prevent spread of diseases causing eye infections or other
infectious diseases, prevent transmission of body fluid and
prevent resulting liability problems to surgeon practitioners.
These and other considerations have led to the development
of the present invention.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide an
improved deformable intraocular lens insertion system.
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[0010] A second object of the present invention is to
provide a deformable intraocular lens insertion system com-
prising a lens injecting device and lens cartridge that can be
connected and locked together.

[0011] A third object of the present invention is to provide
a deformable intraocular lens insertion system including a
lens injecting device and lens cartridge that can be con-
nected together by a rotary connection therebetween.

[0012] A fourth object of the present invention is to
provide a deformable intraocular lens insertion system com-
prising a lens injecting device and lens cartridge that can be
connected and locked together by a rotary connection ther-
ebetween.

[0013] A fifth object of the present invention is to provide
a deformable intraocular lens insertion system comprising
one or more disposable components.

[0014] A sixth object of the present invention is to provide
a fully disposable deformable intraocular lens insertion
system comprising a disposable lens injecting device and a
disposable lens cartridge.

[0015] A seventh object of the present invention is to
provide a disposable lens injecting device for a deformable
intraocular lens insertion system.

[0016] An eighth object of the present invention is to
provide a disposable lens cartridge for a deformable
intraocular lens insertion system.

[0017] A ninth object of the present invention is to provide
a disposable lens cartridge having a downwardly tapering
passageway for further folding the deformable intraocular
lens as it moves through the lens cartridge.

[0018] A tenth object of the present invention is to provide
a lens cartridge preloaded with a deformable intraocular
lens.

[0019] An eleventh object of the present invention is to
provide a deformable intraocular lens insertion system com-
prising a lens injecting device and a lens cartridge that can
be connected and locked together by a bayonet-type con-
nection therebetween.

[0020] A twelfth object of the present invention is to
provide a deformable intraocular lens insertion system com-
prising a lens injecting device with a slot for accommodating
a protrusion of the lens cartridge wherein the slot is config-
ured to connect and lock the lens cartridge and a lens
injecting device together.

[0021] A thirteenth object of the present invention is to
provide a deformable intraocular lens insertion system com-
prising a lens injecting device with a longitudinal slot
leading to a transverse slot for accommodating a protrusion
of the lens cartridge for connecting and locking the lens
cartridge and lens injecting device together.

[0022] A fourteenth object of the present invention is to
provide a deformable intraocular lens insertion system hav-
ing a pre-loaded deformable intraocular lens for storage and
shipment.

[0023] A fifteenth object of the present invention is to
provide an intraocular lens insertion system comprising a
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lens injecting device and lens cartridge with the deformable
intraocular lens pre-loaded in the lens cartridge for storage
and shipment.

[0024] These and other objects can be achieved by various
embodiments of the present invention. Specifically, the
present invention is directed to the main features of:

[0025] 1) a rotary connection between the lens car-
tridge and the lens injecting device for connecting
the lens cartridge to the lens injecting device;

[0026] 2) a rotary connection between the lens car-
tridge and the lens injecting device for releasably
connecting the lens cartridge to the lens injecting
device to allow these components to be assembled
and disassembled;

[0027] 3) a rotary connection between the lens car-
tridge and the lens injecting device for permanently
connecting the lens cartridge to the lens injecting
device to prevent these components from being
disassembled once assembled,

[0028] 4) a rotary connection between the lens car-
tridge and the lens injecting device to both releasably
connect and releasably lock the lens cartridge to the
lens injecting device to allow these components to be
assembled and disassembled, however, positively
locking these components together to prevent inad-
vertent disassembly;

[0029] 5) one or more components of the deformable
intraocular lens insertion system are disposable.
Preferably, the entire system excluding the deform-
able intraocular lens itself is disposable to provide
the full advantages according to the present inven-
tion;

[0030] 6) preloading the deformable intraocular lens
insertion system with a deformable intraocular lens;
and

[0031] 7) preloading the lens cartridge with the
deformable intraocular lens.

[0032] The rotary connection feature allows for quick and
secure connection between the lens cartridge and the lens
injecting device. It is important that when the lens cartridge
is connected to the lens injecting device that there is no
relative movement between the lens cartridge and lens
injecting device, especially in the longitudinal and trans-
verse directions of the lens injecting device to maintain the
handling features of the apparatus during the surgical pro-
cedure. Any disassembly or looseness between the lens
cartridge and lens injecting device can cause misalignment
of the plunger tip with the deformable intraocular lens
causing lens damage, or worse could cause potential damage
to the eye.

[0033] The rotary connection can be provided by a large
variety of designs that involve threads, locking tabs, inter-
ference fit or snap fit connection, and many other types of
rotary mechanical connections. A preferred embodiment
utilize a bayonet-type connection, which involves relative
longitudinal movement followed by transverse movement
between the lens cartridge and lens injecting device. One
type of bayonet-type connection can be achieve by provid-
ing one end of the lens injecting device with a longitudinal
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slot leading to a transverse slot for cooperating with a tab or
protrusion on the lens cartridge.

[0034] A preferred embodiment of the slot-type connec-
tion includes providing the transverse slot with means for
positively gripping or locking the tab of the lens cartridge.
For example, locking tabs, interference fit connection, snap
fit connection can be provided between structure located at,
in or adjacent to the transverse slot and the tab of the lens
cartridge. A preferred embodiment is provided with a trans-
verse slot having a first transverse slot portion dimensioned
in width slightly less than the width of the tab of the lens
holder providing some interference and resistance when the
tab of the lens cartridge is rotated through the first transverse
slot portion. The first transverse slot portion extends to a
second transverse slot portion dimensioned in width slightly
wider that the width of the first transverse slot portion. This
arrangement provides a pair of opposed locking tabs in the
transverse slot so that when the tab of the lens cartridge is
rotated to the fully locked position, the tab snap fits into the
second transverse slot portion preventing inadvertent disas-
sembly of the lens cartridge from the lens injecting device.
Specifically, the trailing edges of the tab of the lens holder
become locked due to interference with the locking tabs in
the transverse slot.

[0035] This arrangement can be designed to permanently
connect the lens cartridge to the lens injecting device by
designing the snap fit connection to engage so as to essen-
tially permanently connect the components in such a manner
that disassembly can only be obtained by destruction or
damage to one or more of the components. However, this
arrangement is particularly suitable to allow the components
to be separated or damaged by designing the snap fit connect
to engage in such a manner that allows disassembly when a
certain level of force is applied without any significant
damage or wear to the components.

[0036] The components of the deformable intraocular lens
insertion system according to the present invention must
withstand sterilization methods, in particular autoclaving, in
order to be practically utilized. Preferably, the components
of the intraocular lens insertion system according to the
present invention are made from plastic, most preferably
autoclavable plastic (i.e. plastic having a melting point
above approximately 121 degree Celsius) such as polysul-
fone, polycarbonate, nylon-66, TEFLON and KYNAR that
can withstand the conditions of high temperature and pres-
sure inside conventional autoclaving units. Further, the use
of plastic allows the components of the deformable intraocu-
lar insertion system to be injection molded and quickly
assembled significantly reducing cost in the construction
thereof verses a titanium or stainless steel injector.

[0037] An embodiment of the disposable insertion system
comprises two separate main components including a lens
injecting device and a lens cartridge. The lens injecting
device includes a barrel with a lens cartridge receiver for
accommodating the lens cartridge, which accommodates a
folded deformable intraocular lens. The lens injecting device
preferably includes a cylindrical barrel having the lens
cartridge receiver positioned at one end, and a movable
plunger accessible at an opposite end. Specifically, the end
fitted with the movable plunger is provided with a guide for
defining a passageway for accommodating the movable
plunger. The guide is preferably molded as part of the inside
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of the cylindrical barrel, however, alternatively can be made
as a separate piece and then assembled in some suitable
manner inside the cylindrical barrel.

[0038] The guide preferably is configured to allow sliding
movement of the movable plunger in a longitudinal direction
with relation to the cylindrical barrel, however, not allowing
rotational movement of the movable plunger with respect to
the cylindrical barrel. For example, the guide is provided
with a keyway preventing relative rotation. In one preferred
embodiment, the passageway through the guide has a pas-
sageway with a cross-sectional shape matching a movable
plunger preventing relative rotation.

[0039] The lens cartridge receiver located at on end of the
cylindrical barrel in preferably a cylindrical shaped receiver
for accommodating the lens cartridge containing the deform-
able intraocular lens. Further, the cylindrical barrel is pro-
vided with means for defining the rotary connection for
connecting and securely retaining the lens cartridge inside
the front open end of the cylindrical barrel. In addition to the
rotary connection, an interference type connection can be
provided between the open front end of the cylindrical barrel
and the lens cartridge so that these components are securely
connected together when inserting the lens cartridge into the
open end of the cylindrical barrel. The interference connec-
tion can be provided by sizing a portion of or the entire outer
dimension of the lens cartridge slightly greater than the inner
dimension of the open end of the lens cartridge receiver.
Further, one or both components can have tapering outer
surfaces or locking tabs that interfere with each other to
provide an interference or snap fit type connection.

[0040] One end of the plunger is provided with a manipu-
lating tip for making contact with the deformable intraocular
lens, forcing the deformable intraocular lens from the lens
cartridge, and manipulating the deformable intraocular lens
inside the eye. An opposite end of the plunger is provided
with means for actuating the plunger. The opposite end can
be provided with a freely rotating finger tip gripping device
to allow a user to exert sufficient pressure on the end of the
plunger to controllably force the deformable intraocular lens
from the lens cartridge. For example, the finger tip gripping
device is provided with a fluted exterior surface to facilitate
gripping thereof, and a through hole having a predetermined
size. The end of the plunger component is provided with an
extension having a cylindrical tab end that can be forced into
and through the through hole in the finger tip gripping device
providing a snap connection between these components, and
also allowing free rotation between these components.

[0041] The manipulating end is faceted in a particular
manner to prevent damage to the deformable intraocular
lens, particularly the trailing haptic, during the step of
forcibly pushing the deformable intraocular lens through the
nozzle of the lens cartridge and into the eye.

[0042] The present invention includes the concept of pre-
loading the deformable intraocular lens in the deformable
insertion system. Specifically, a potentially preferred
method of making and selling deformable intraocular lens is
to pre-load the deformable intraocular lens in the lens
injecting device for purposes of storage and shipping. For
example, the deformable intraocular lens can be manufac-
tured, and then placed inside the lens injecting device or lens
cartridge (i.e. inside deformable intraocular lens insertion
system) prior to being packaged and shipped to a customer.
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This method reduces the amount of packaging by not
requiring separate packages for the deformable intraocular
lens and the lens cartridge and/or lens injecting device.
Further, the lens cartridge and/or lens injecting device
protects the deformable intraocular lens during the process
of packaging, shipping and other handling, and eliminates
the step of loading the deformable intraocular lens into the
lens cartridge and/or lens injecting device by the surgeon
that could potentially cause damage thereto. Further, pre-
loading the lens can eliminate misuse during surgery.

[0043] This method would allow the lens cartridge and/or
lens injecting device and preloaded deformable intraocular
lens to be autoclaved together prior to insertion of the
deformable intraocular lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1is a perspective view of a preferred embodi-
ment of the deformable intraocular lens insertion system
according to the present invention.

[0045] FIG. 2 is a side longitudinal cross-sectional view
of the deformable intraocular lens insertion system shown in
FIG. 1.

[0046] FIG. 3 is a longitudinal side cross-sectional view
of the cylindrical barrel of the deformable intraocular lens
insertion system shown in FIG. 2.

[0047] FIG. 4 is a transverse cross-sectional view through
the movable plunger, guide, and cylindrical barrel, as indi-
cated in FIG. 2, to illustrating the movable plunger guiding
arrangement.

[0048] FIG. 5is a longitudinal side elevational view of the
plunger portion having the manipulating tip.

[0049] FIG. 6 is a transverse cross-sectional view of the
plunger portion, as indicated in FIG. 5.

[0050] FIG. 7 is a transverse cross-sectional view of the
plunger portion, as indicated in FIG. 5.

[0051] FIG. 8 is a transverse cross-sectional view of the
plunger portion, as indicated in FIG. 5.

[0052] FIG. 9 is an end elevation view of the manipulating
tip of the plunger portion shown in FIG. §.

[0053] FIG. 10 is a longitudinal side elevational view of
the plunger portion that connects to the plunger portion
shown in FIG. 5.

[0054] FIG. 11 is an end elevational view of the plunger
portion shown in FIG. 10.

[0055] FIG. 12 is a transverse cross-sectional view of the
plunger portion, as indicated in FIG. 10.

[0056] FIG. 13 is a transverse cross-sectional view of the
plunger portion, as indicated in FIG. 11.

[0057] FIG. 14 is a cross-sectional view of the threaded
gripping device to be connected to the plunger, as shown in
FIG. 2.

[0058] FIG. 15 is a side elevational view of the threaded
gripping device shown in FIG. 14

[0059] FIG. 16 is an end elevational view of the threaded
gripping device shown in FIG. 14.
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[0060] FIG. 17 is a perspective view of a preferred lens
cartridge assembly according to the present invention.

[0061] FIG. 18 is a perspective view of the lens holding
portion of the preferred lens cartridge assembly shown in
FIG. 17.

[0062] FIG. 19 is a is a longitudinal side elevational view
of the lens holding portion shown in FIG. 18.

[0063] FIG. 20 is a top planar view of the lens holding
portion shown in FIG. 18.

[0064] FIG. 21 is a transverse cross-sectional view of the
of the lens holding portion, as indicated in FIG. 19.

[0065] FIG. 22 is a transverse cross-sectional view of the
lens holding portion, as indicated in FIG. 19.

[0066] FIG. 23 is an end elevational view of the end of the
lens holding portion as indicated in FIG. 19.

[0067] FIG. 24 is a perspective view of the sleeve portion
of the preferred lens cartridge assembly shown in FIG. 17.

[0068] FIG. 25 is another perspective view of the sleeve
portion of the preferred lens cartridge shown in FIG. 17.

[0069] FIG. 25A is a transverse cross-sectional view
showing the protrusion the lens cartridge assembly cooper-
ating with the slot in the lens cartridge receiver to prevent
relative rotation therebetween.

[0070] FIG. 26 is a longitudinal cross-sectional view of
the sleeve portion shown in FIG. 24.

[0071] FIG. 27 is longitudinal side elevational view of the
sleeve portion shown in FIG. 24 with ghost images of the
guiding surfaces of the protrusion located inside the sleeve
portion.

[0072] FIG. 28 is an end elevational view of the of the
sleeve portion, as indicated in FIG. 27.

[0073] FIG. 29 is an exploded partial end elevational view
of the sleeve portion shown in FIG. 27.

[0074] FIG. 30 is another perspective view of the lens
holding portion showing the longitudinal groove in the wall
of the lens holding portion with a pair of ramp catches.

[0075] FIG. 31 is an end elevational view of the preferred
lens cartridge shown in FIG. 17 revealing the detailed
configuration of the lens guiding surfaces inside the lens
cartridge.

[0076] FIG. 32 is a longitudinal cross-sectional view of
another embodiment of a lens injecting device according to
the present invention.

[0077] FIG. 33 is a perspective view of another preferred
embodiment of the deformable intraocular lens insertion
system with the lens cartridge loaded in the device.

[0078] FIG. 34 is a broken away perspective view of the
deformable intraocular lens insertion system with the lens
cartridge removed from the device.

[0079] FIG. 35 is a longitudinal side elevational view of
the deformable intraocular lens insertion system shown in
FIG. 33.
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[0080] FIG. 36 is a longitudinal side cross-sectional view
of the deformable intraocular lens insertion system shown in
FIG. 35.

[0081] FIG. 37 is a transverse cross-sectional view of the
deformable intraocular lens insertion system, as indicated in
FIG. 35.

[0082] FIG. 38 is a transverse cross-sectional view of the
deformable intraocular lens insertion system, as indicated in
FIG. 35.

[0083] FIG. 38A is a transverse cross-sectional view of
another deformable intraocular lens insertion system show-
ing the matching cross-sectional shapes of the movable
plunger and plunger guide having a configuration that allows
only a one-way orientation therebetween.

[0084] FIG. 39 is a transverse cross-sectional view of the
deformable intraocular lens insertion system, as indicated in
FIG. 35.

[0085] FIG. 40 is a transverse cross-sectional view of the
deformable intraocular lens insertion system, is indicated in
FIG. 35.

[0086] FIG. 41 is an exploded partial longitudinal side
cross-sectional view of the deformable intraocular insertion
system, as shown in FIG. 36.

[0087] FIG. 42 is a partial perspective view of a lens
cartridge fully loaded into the locking portion of the lens
injecting device.

[0088] FIG. 43 is a longitudinal side cross-sectional view
of the locking portion, as shown in FIG. 42.

[0089] FIG. 44 is a top elevational view of the locking
portion, as shown in FIG. 43.

[0090] FIG. 45 is an end elevational view of the locking
portion, as shown in FIG. 43.

[0091] FIG. 46 is a perspective view of a lens cartridge for
use with the lens injecting device shown in FIGS. 33 and
34.

[0092] FIG. 47 is an end elevational view of the lens
cartridge, as shown in FIG. 46.

[0093] FIG. 48 is a rear end elevational view of the lens
cartridge, as shown in FIG. 46.

[0094] FIG. 49 is a side elevational view of the lens
cartridge, as shown in FIG. 46.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0095] The term deformable intraocular lens insertion
system according to the present invention is used to define
two separate main components including a lens injecting
device and a lens cartridge. The lens injecting device
includes a lens cartridge receiver for accommodating the
lens cartridge, and the lens cartridge is configured to accom-
modate a deformable (“foldable”) intraocular lens. The
deformable intraocular lens is first loaded into the lens
cartridge, and then the lens cartridge is loaded into the lens
injecting device providing a deformable intraocular lens
insertion system readied for conducting the implantation
operation.
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[0096] The term disposable in the context of the present
invention is used to indicate that the one or more compo-
nents of the deformable intraocular lens insertion system
according to the present invention can be readily discarded
after use due to the inexpensive nature of the design,
construction, and materials of the components. The use of
disposable components provides a variety of convenience
factors such as preloading disposable lens cartridges with
deformable intraocular lenses, improved handling charac-
teristics, reducing weight of the lens injecting device, and
most importantly ensuring a high level of sterility protecting
the patient from disease and risk of complications.

[0097] A preferred embodiment of the deformable
intraocular lens insertion system 10 according to the present
invention is shown in FIG. 1. The intraocular lens insertion
system 10 comprises two main components including a lens
injecting device 12 and a lens cartridge assembly 14.

[0098] The lens injecting device 12 comprises a cylindri-
cal barrel 16 having a lens cartridge receiver 18 located at
one end thereof, as shown in FIG. 2. The cylindrical barrel
16 can have other suitable cross-sectional shapes, however,
a cylindrical-shaped barrel is particular suitable for making,
assembling, and utilizing the lens injecting device 12. The
lens cartridge receiver 18 accommodates the lens cartridge
assembly 14, which is securely connected to the lens inject-
ing device 12 when inserted into the lens cartridge receiver
18. For example, an interference type connection can be
provided between the lens injecting device 12 and the lens
cartridge assembly 14 by making one or more outer dimen-
sions of the lens cartridge assembly 14 slightly larger than
one or more inner dimensions of the lens cartridge receiver
18. Alternatively or in addition, a snap type connection can
be provided between the lens injecting device 12 and the
lens cartridge assembly 14. Further, either or both type of
connections can be made so that the lens cartridge is either
removable or non-removable after insertion into the lens
cartridge receiver 18. Preferably, the lens injecting device 12
and the lens cartridge assembly 14 are designed so that the
lens cartridge assembly 14 can not be rotated within the lens
cartridge receiver 18 to prevent any relative movement
therebetween which can detract from the manipulating char-
acteristics of the deformable intraocular lens insertion sys-
tem.

[0099] The design of the cylindrical barrel 16 itself is
shown in FIG. 3. The cylindrical barrel 16 comprises a
barrel portion 164 having thicker walls to provide structural
strength against bending in the longitudinal direction, and a
barrel portion 165 having thinner walls defining the lens
cartridge receiver 18. An inner edge 18a at the transition
between the barrel portions 164 and 165 defines a stop for
the lens cartridge assembly 14 when inserted into the lens
cartridge receiver 18.

[0100] The lens injecting device 12 further includes a
movable plunger 20 disposed within the cylindrical barrel
16. Specifically, the movable plunger 20 is movably dis-
posed within the cylindrical barrel for movement forward or
backwards with respect to the longitudinal direction of the
cylindrical barrel 16. In the deformable intraocular lens
insertion system 10, the movable plunger 20 comprises two
movable plunger portions 20a and 205, as shown in FIGS.
2, 5 and 10. The movable plunger portion 20a includes a
manipulating tip 22 for engaging with the deformable
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intraocular lens for forcing the deformable intraocular lens
from the loaded lens cartridge assembly 14. The two mov-
able plunger portions 20a and 205 can have a one-piece
construction, or can be made as two separate pieces con-
nected together is some suitable manner.

[0101] The detailed design of the movable plunger portion
20 of the movable plunger 20 is shown in FIGS. 5 to 9, and
the detailed design of the movable plunger portion 2056 of the
movable plunger 20 is shown in FIGS. 10 to 13.

[0102] The movable plunger portion 20a includes a con-
nector portion 21a (FIG. 5) for connecting with a connector
portion 215 (FIG. 10) of the movable plunger portion 20b.
Preferably, an interference type connection and/or snap fit
type connection is provided by the connector portions 21a
and 21b to facilitate assembly. In the embodiment shown, a
keyway type connection is provided by the flat surface
21a’of the connector portion 21a (FIG. 6) cooperating with
the flat key surface 21b'of the connector portion 215 (FIG.
13). The keyway type connection prevents relative rotation
between the movable plunger portions 20a and 20b after the
movable plunger 20 is assembled.

[0103] The detail design of the manipulating tip 22 is
shown in FIG. 9. The manipulating tip 22 is defined by a
plurality of facets for manipulating the deformable intraocu-
lar lens from the lens cartridge and in the eye. Specifically,
the manipulating tip comprises a curved surface facet 224,
curved surface facet 22b, concave surface facet 22¢ (FIG.
5), upper protrusion facet 22d, and lower protrusion facet
22e.

[0104] In the preferred embodiment of the deformable
intraocular lens insertion system 10, the movable plunger 20
is slidably disposed within the cylindrical barrel 16. Spe-
cifically, a plunger guide 24 is disposed within the cylindri-
cal barrel 16, which plunger guide 24 is provided with a
passageway 26 for slidably supporting the movable plunger
20. In the embodiment shown, the inner dimensions of the
passageway 26 of the plunger guide 24 are slightly greater
than the outer dimensions of the movable plunger 20 to
provide the guide arrangement. Further, the cross-section
shape of the passageway 26 is preferably made the same as
the cross-sectional shape of the movable plunger 20 (i.c.
matching shapes) to enhance a close tolerance fit therebe-
tween to improve sliding accuracy. More preferably, the
cross-sectional shapes of the passageway 26 of the plunger
guide 24 and the movable plunger 20 are interlocking to
prevent relative rotation between the cylindrical barrel 16
fixed to the plunger guide 24 and the movable plunger 20,
again to enhance the manipulating characteristics of the
deformable intraocular lens insertion system 10. For
example, the cross-sectional shapes of the passageway 26 of
the plunger guide 24 and the movable plunger 20 can be
cross-shaped to provide an interlocking arrangement, as
shown in FIG. 4.

[0105] In the embodiment shown in FIG. 2, the plunger
guide 24 is part of the cylindrical barrel 16. For example, the
cylindrical barrel 16 can be injection molded from plastic to
include the plunger guide 24 as a one-piece unit. Alterna-
tively, the plunger guide 24 can be made as a separate piece,
and then assembled inside the cylindrical barrel 16. Further,
in the embodiment shown, the plunger guide 24 is provided
at one end of the cylindrical barrel 16, however, the plunger
guide 24 can be located at a position inside the cylindrical
barrel 16 away from the end of the cylindrical barrel 16.
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[0106] The movable plunger 20 is provided with a finger
tip gripping device 28 located at an end opposite to the
manipulating tip 22. The gripping device 28 is preferably
connected in a freely rotating manner with the end of the
movable plunger 20, however, a non-rotating type connec-
tion can also be utilized.

[0107] In the preferred embodiment of the deformable
intraocular insertion system 10, the gripping device 28 is
essentially cylindrical-shaped, and has an inner diameter
slightly greater than the outer diameter of the cylindrical
barrel 16 to allow an end portion of the cylindrical barrel 16
to be accommodated inside the gripping device 28 when the
movable plunger 20 is moved towards the right in FIG. 1.
The outer surface of the gripping device can be fluted to
increasing the gripping ability by a user’s finger tips.

[0108] The gripping device 28 is provided with an end
portion 30 having a passageway 32 for accommodating a
protrusion 34 having a cylindrical tab 35 of the movable
plunger 20. Specifically, the cylindrical tab 34 is provided
with a conical tapering surface 354 having a lip 350 (FIG.
11) with a slightly greater diameter than the passageway 32
in the end portion 30 to provide a snap fit connection
therebetween. Thus, the gripping device 28 can be easily
assembled onto the movable plunger 20 by forcing the
cylindrical tab through the passageway 32.

[0109] The detailed design of the gripping device 28 is
shown in FIGS. 14 to 16. In FIG. 14, the passageway 32 in
the end portion 30 of the gripping device 28 is provided with
a conical tapering surface 32' to facilitate entry of the hooked
end 35 of the movable plunger 20 into and through the
passageway 32 during assembly. The outside of the gripping
device 28 can be provided with a plurality of longitudinal
ribs 36 equally spaced around the perimeter of the gripping
device 28, as shown in FIGS. 15 and 16.

[0110] A preferred embodiment of the lens cartridge
assembly 14 is shown in FIGS. 17 to 28. The lens cartridge
assembly 14 comprises two main separate components
including a lens cartridge 38 and a sleeve portion 40. The
lens cartridge 38 is defined by a body portion 42 having a
passageway 45, and a nozzle portion 44 having a passage-
way 48, as shown in FIGS. 18 to 22.

[0111] The body portion 42 is defined by a lens receiving
portion 50 and a lens transitioning portion 52, as shown in
FIG. 20. The lens receiving portion 50 has a fixed cross-
sectional size and shaped passageway 45a (FIGS. 20 and
21). Specifically, the lens receiving portion 50 has a
C-shaped cross section passageway that does not vary in
shape or size along the length of the lens receiving portion
50. Further, the lens transitioning portion 52 has a variable
or downwardly tapering cross-sectional size passageway.
The passageway through the body portion includes an open
passageway 45a of length 44a and a closed passageway 45b
(FIGS. 20 and 22).

[0112] Specifically, the transitioning portion 52 has a
C-shaped cross section defining the beginning of closed
passageway 45b, which matches the transverse shape of
passageway 45a, however, the shape changes from
C-shaped (i.e. open passageway design), to D-shaped (i.e.
closed passageway design), to oval (i.e. closed passageway
design) along the length of the lens transitioning portion 52.

[0113] The lens receiving portion 50 and an initial portion
of the lens transitioning portion 52 having a C-shaped cross
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section passageway include a pair of gripping edge protru-
sions 54 positioned on either side of opening 56 into
passageway 45a. The gripping edge protrusions 54 confine
the outer edges of the folded deformable intraocular lens
once inserted into the lens receiving portion 50.

[0114] The nozzle portion 44 is located at one end of the
body portion 42. Preferably, the lens cartridge 38 including
the body portion 42 and nozzle portion 44 are a molded
one-piece construction.

[0115] The nozzle portion 44 having passageway 48 has
an oval-shaped cross-sectional shape. However, the cross-
sectional size tapers downwardly from the body portion 42
to the end of the nozzle portion 44 (See tapering passageway
48 in FIG. 22).

[0116] The detailed design of the sleeve portion 40 is
shown in FIGS. 24 to 29. The sleeve portion 40 is essentially
cylinder-shaped. Specifically, the inner diameter of the
sleeve portion 40 is approximately equal to the outer diam-
eter of the cylindrical body portion 42 of the lens cartridge
38. The lens cartridge assembly 14 is assembled by inserting
the body portion 42 of the lens cartridge 38 into the sleeve
portion 40 until the end of the sleeve portion 40 contacts
with the edge 58 (FIG. 19) of the lens cartridge 38.

[0117] The sleeve portion 40 includes a cantilever spring
60 having a catch 61 provided at the end thereof. The
cantilever spring 60 is formed by providing a pair of parallel
slits 62 in the wall of the sleeve portion 40. Further, the
cantilever spring 60 is thicker than the wall of the sleeve
portion 40 and extends along a portion of the outside thereof
defining a protrusion 64 cooperating with a groove 64a in
the lens cartridge receiver 18, as shown in FIG. 25A,
defining a keyway arrangement to prevent the lens cartridge
assembly 14 from rotating inside the lens injecting device
12.

[0118] The sleeve portion 40 is provided with a lens
guiding protrusion 66 extending from the inner surface
thereof into an upper portion of the passageway 45 in the
body portion 42. The lens guiding protrusion 66 is defined
by a pair of downwardly tapering grooves 68, 68 (FIGS. 28
and 29) positioned side-by-side defining a center protrusion
70. Both the downwardly tapering grooves 68 having taper-
ing lens guiding surfaces 66a and center protrusion 70
having tapering lens guiding surface 66b taper in such a
manner as to close down the cross-sectional size of the open
passageway 45a through the lens cartridge 38.

[0119] The sleeve portion 40 is preferably installed in the
lens injecting device 12 prior to the lens cartridge 38
containing a deformable intraocular lens is inserted into the
lens injecting device 12. Specifically, the fully assembled
lens injecting device 12 includes the sleeve portion 40. The
sleeve portion 40 can be permanently assembled to the lens
injecting device 12, for example by adhesive and/or locking
tabs, or can be releasably disposed within the lens cartridge
assembly receiver 18. In this configuration, the sleeve por-
tion 40 functions as a lens cartridge receiver for the lens
cartridge 38.

[0120] Alternatively, the lens cartridge 38 can be inserted
into the sleeve portion 40, prior to the sleeve portion 40
being installed into the lens injecting device 12.

[0121] An outer portion of the lens cartridge 38 is pro-
vided with a longitudinal groove 72 having a pair of engag-
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ing ramp type catches 74 and 76 located in the groove 72,
as shown in FIG. 30. The ramp type catches 74 and 76
cooperated with the catch 61 of the cantilever spring 60 of
the sleeve portion 40 to lock the lens cartridge 38 into the
lens injecting device 12 at two different locations.

[0122] The detailed configuration of the lens guiding
surfaces inside the lens cartridge 38 is shown in FIG. 31
from the rear of the lens cartridge 38.

[0123] Another embodiment of the lens injecting device
110 is shown in FIG. 32. This embodiment is provided with
an a fingertip gripping device 1284 and a thumb gripping
device 128b, as shown to enhance manipulating and using
the device.

[0124] The present invention includes the concept of pre-
loading the deformable intraocular lens into the deformable
intraocular lens insertion system or a portion of the deform-
able intraocular lens insertion system (e.g. lens cartridge).
Specifically, a potentially preferred method of making and
selling deformable intraocular lens is to pre-load the deform-
able intraocular lens in the deformable intraocular lens
insertion system for purposes of storage and shipment. For
example, the deformable intraocular lens can be manufac-
tured, and then placed inside the lens injecting device or lens
cartridge (i.e. inside deformable intraocular lens insertion
system) prior to being packaged and shipped to a customer.
This method reduces the amount of packaging by not
requiring separate packages for the deformable intraocular
lens and the lens cartridge and/or lens injecting device.
Further, the lens cartridge and/or lens injecting device
protects the deformable intraocular lens during the process
of packaging, shipping and other handling, and eliminates
the step of loading the deformable intraocular lens into the
lens cartridge and/or lens injecting device that could poten-
tially cause damage thereto.

[0125] This method would allow the lens cartridge and/or
lens injecting device and preloaded deformable intraocular
lens to be autoclaved together prior to insertion of the
deformable intraocular lens.

BAYONET TYPE INSERTION SYSTEM

[0126] Another preferred embodiment of the deformable
intraocular lens insertion system 210 according to the
present invention is shown in FIG. 33. The deformable
intraocular lens insertion system 210 comprises two main
components including a lens injecting device 212 and a lens
cartridge assembly 214.

[0127] The lens injecting device 212 comprises a cylin-
drical barrel 216 having a lens cartridge receiver 218 located
at one end thereof, as shown in FIG. 36. The cylindrical
barrel 216 can have other suitable cross-sectional shapes,
however, a cylindrical-shaped barrel is particularly suitable
for making, assembling, and utilizing the lens injecting
device 212. The lens cartridge receiver 218 accommodates
the lens cartridge assembly 214, which is securely connected
to the lens injecting device 212 when inserted into the lens
cartridge receiver 218, and then rotated. The important
feature of this particular embodiment involves the locking
arrangement between the lens cartridge assembly 214 and
the lens injecting device 212, which locking arrangement
will be discussed in detail below.

[0128] Once the lens cartridge assembly 214 is fully
inserted into the lens injecting device 212, the lens cartridge
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assembly 214 cannot rotate by itself within the lens cartridge
receiver 218 to prevent any relative movement therebetween
which can detract from the manipulating characteristics of
the deformable intraocular lens insertion system 210.

[0129] The design of the cylindrical barrel 216 is shown in
FIG. 36. The cylindrical barrel 216 has a uniform circular
cross-sectional shape and uniform wall thickness along its
entire length, except for a guide portion 216a for accom-
modating movable plunger 220 of the device to be described
in detail below.

[0130] The lens injecting device 212 further includes a
movable plunger 220 disposed within the cylindrical barrel
216. The movable plunger 220 includes a manipulating tip
222 for engaging with the deformable intraocular lens for
forcing the deformable intraocular lens from the loaded lens
cartridge assembly 214. In the deformable intraocular inser-
tion system 210 the movable plunger 220 comprises two
movable plunger portions 220a and 2205, as shown in FIG.
36. The two movable plunger portions 220a and 2205 can
have a one-piece construction, or can be made as two
separate pieces connected together in a suitable manner to
facilitate assembly.

[0131] In the embodiment of the deformable intraocular
lens insertion system 210, the movable plunger 220 is
slidably disposed within the cylindrical barrel 216. Specifi-
cally, a plunger guide 224 is disposed within the cylindrical
barrel 216, which plunger guide 224 is provided with a
passageway 226 for slidably supporting the movable plunger
220. In the embodiment shown, the inner dimensions of the
passageway 226 of the plunger guide 224 are slightly greater
than the outer dimensions of the movable plunger 220 to
provide the guide arrangement. Further, the cross-sectional
shape of the passageway 226 is preferably made the same as
the cross-sectional shape of the movable plunger 220 (i.c.
matching shapes) to enhance close tolerance fit therebe-
tween to improve sliding accuracy. More preferably, the
cross-sectional shapes of the passageway 226 of the plunger
guide 224 and the movable plunger 220 are interlocking to
prevent relative rotation between the cylindrical barrel 216
fixed to the plunger guide 224 and the movable plunger 220,
again to enhance the manipulating characteristics of the
deformable intraocular lens insertion system 210. For
example, the cross-sectional shapes of the passageway 226
of the plunger guide 224 and the movable plunger 220 can
have a cross (+) shape to provide an interlocking arrange-
ment, as shown in FIG. 37. Alternative embodiments of the
movable plunger 220' and the plunger guide 224' are shown
in FIG. 38A, wherein both the transverse cross-sectional
shape of the movable plunger 220b’and the plunger guide
224" have a modified (+) that only allows one orientation to
ensure proper assembly of the movable plunger 2205 'inside
the lens injecting device 212.

[0132] In the embodiment shown in FIG. 36, the plunger
guide 224 is part of the cylindrical barrel 216. For example,
the cylindrical barrel 216 can be injection molded of plastic
to include the plunger guide 224 as a one-piece unit.
Alternatively, the plunger guide 224 can be made as a
separate piece, and then assembled inside the cylindrical
barrel 216. Further, in the embodiments shown, the plunger
guide 224 is provided at one end of the cylindrical barrel
216, however, the plunger guide 224 can be located at a
position inside the cylindrical barrel 216 away from the end
of the cylindrical barrel 216.
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[0133] The movable plunger 220 is provided with a fin-
gertip gripping device 228 located at an end opposite to the
manipulating tip 222. The gripping device 228 is preferably
connected in a freely rotating manner with the end of the
movable plunger 220, however, a non-rotating type connec-
tion can also be utilized.

[0134] In the deformable intraocular lens insertion system
210, the gripping device 228 is essentially cylindrical-
shaped, and includes internal threads 228a cooperating with
external threads 228b of the cylindrical barrel, as shown in
FIG. 36. The outer surface of the gripping device can be
fluted to increase the gripping ability by a users fingertips.

[0135] The gripping device 228 can have the same con-
struction as the gripping device 28 in the embodiment of the
deformable intraocular lens insertion device 10, as shown in
FIG. 2, and as explained in detail above.

[0136] The details of the locking arrangement between the
lens injecting device 212 and lens cartridge assembly 214
will now be explained.

[0137] The front end of the cylindrical barrel 216 is
provided with a locking portion 230, as shown in FIGS. 41
to 45. The locking portion 230 is shown as a separate piece
from the cylindrical barrel 216, however, a one-piece con-
struction is also suitable.

[0138] The locking portion 230 comprises an insert por-
tion 230a received within the front end of the cylindrical
barrel 216, and a conical portion 230b. The insert portion
2304 is provided with a longitudinal rib 232, as shown in
FIGS. 39 to 41 received within a groove 234 in the front end
of the cylindrical barrel 216 to prevent relative rotation
between the locking portion 230 and the cylindrical barrel
216 of the lens injecting device 212. The locking portion 230
is connected to the cylindrical barrel 216 by interference fit,
snap-connection, adhesive, sonic welding, and/or other suit-
able means of connection.

[0139] The insert portion 230« includes a passageway 236
for accommodating the front movable plunger portion 220a
of the movable plunger 220, and a lens cartridge receiver
238 for accommodating the lens cartridge assembly 214. A
plunger guide 240 for accommodating the front movable
plunger portion 220a of the movable plunger 220 is pro-
vided between the passageway 236 and lens cartridge
receiver 238, as shown in FIG. 41.

[0140] The locking arrangement between the lens car-
tridge assembly 214 and locking portion 230 is shown in
FIGS. 42 to 45.

[0141] The conical portion 230b is provided with a lon-
gitudinal slot 242 extending from a front edge 244 of the
locking portion 230 rearwardly in a longitudinal direction of
the deformable intraocular lens insertion system 210. The
length of the slot 242 is indicated by length LG1 , as shown
in FIG. 44. A transverse slot 246 extends from the rear end
of the longitudinal slot 242. The length of the transverse slot
246 is sufficient to allow for an approximate ninety degree
(90°) angle of rotation of the lens cartridge assembly 214
inside the lens cartridge receiver 238 of the locking portion
230. The angle of rotation is indicated as AG2, as shown in
FIG. 45. The transverse slot 246 includes a first transverse
slot portion 246a and a second transverse slot portion 246b,
as shown in FIG. 44. The second transverse slot portion
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246b is slightly wider than the first transverse slot portion
246a so that a tab of the lens cartridge assembly 214 is
securely locked when fully rotated to the locked position
after rotating approximately ninety degrees (90°). Specifi-
cally, a set of edges 248 are defined in the transverse slot 246
by the transition between the first transverse slot portion
2464 and second transverse slot portion 246b providing a set
of opposed locking tabs providing a snap fit connection to
releasably lock the tab of the lens injecting device 212 in the
second transverse slot portion 246b, effectively preventing
inadvertent rotation of the lens cartridge assembly 214
relative to the lens injecting device 212.

[0142] The details of the lens cartridge assembly 214 will
now be explained in reference to FIGS. 46 to 49.

[0143] The lens cartridge assembly 214 comprises a lens
receiving portion 250 connected to a nozzle portion 252, and
the tab 254 extends from the lens receiving portion 250. The
lens cartridge assembly 214 is preferably a one-piece unit
made of injection molded plastic.

[0144] The lens receiving portion 250 is provided with a
longitudinal slot 256 through the wall thereof leading into a
lens receiving passageway 258, as shown in FIG. 46.

[0145] The passageway 258 is defined by a constant
cross-sectional shape and size passageway portion 258a
leading into a downwardly tapering or converging transition
passageway portion 258b, leading into a downwardly taper-
ing passageway 258c through the nozzle portion 252, as
shown in FIG. 48. This configuration of the passageway
portions through the lens cartridge assembly 214 is for
further folding the deformable intraocular lens as it is forced
through the lens cartridge by the manipulating tip, and out
through the downwardly tapering passageway 258c in the
nozzle portion 252 of the lens cartridge assembly 214 into a
small incision through the eye. The end of the nozzle portion
252 is preferably provided with a bevel end 260.

[0146] The lens cartridge assembly 214 can be provided
with a pair of guides 262 for guiding and centering the lens
cartridge assembly 214 inside the lens cartridge receiver 238
of the locking portion 230.

We claim:

1. A deformable intraocular lens insertion system for
inserting a deformable intraocular lens into the eye, com-
prising:

a lens cartridge for accommodating the deformable
intraocular lens, said lens cartridge including a lens
receiving portion connected to a nozzle portion;

a lens injecting device having a lens cartridge receiver;
and

a rotary connecting arrangement for connecting said lens
cartridge in said lens cartridge receiver of said lens
injecting device upon inserting said lens cartridge in
said lens cartridge receiver of said lens injecting device,
and then rotating said lens cartridge relative to said lens
injecting device.

2. A system according to claim 1, wherein said lens
injecting device comprises a barrel with a locking portion
located at one end of said barrel.

3. A system according to claim 2, wherein said rotary
connecting arrangement is defined by a longitudinal slot
leading to a transverse slot in said locking portion, and said
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lens cartridge including a tab for cooperating with said
longitudinal slot and said transverse slot to lock said lens
cartridge in said lens cartridge receiver of said lens injecting
device.

4. A system according to claim 3, wherein said transverse
slot is defined by a first transverse slot portion leading to a
second transverse slot portion, said second transverse slot
portion being wider than said first transverse slot portion
providing an opposed pair of locking tabs in said transverse
slot to prevent said lens cartridge from inadvertently rotating
relative to said lens injecting device once locked into
position.

5. A system according to claim 2, wherein said locking
portion is a separate component from said barrel.

6. A system according to claim 5, wherein said locking
portion includes an insert portion connected to a cone
portion, said insert portion being received within said one
end of said barrel.

7. A system according to claim 5, wherein said insert
portion is provided within a longitudinal rib received within
a longitudinal slot inside said barrel to prevent relative
rotation between said locking portion and said barrel.

8. A system according to claim 6, wherein said locking
arrangement is defined by a longitudinal slot leading to a
transverse slot in said cone portion of said locking portion,
and said lens cartridge including a tab for cooperating with
said longitudinal slot and said transverse slot to lock said
lens cartridge in said lens cartridge receiver of said lens
injecting device.

9. A system according to claim 5, wherein said lens
injecting device is defined by a barrel and a plunger movably
disposed within said barrel, said locking portion having a
passageway provided with a guide for slidably supporting
said plunger.

10. A system according to claim 1, wherein said locking
arrangement is defined by a 5 bayonet type locking arrange-
ment between said lens cartridge and said lens injecting
device.

11. A system according to claim 10, wherein said bayonet
type locking arrangement is defined by a slot in said receiver
of said lens injecting device cooperating with a tab on said
lens cartridge, said slot configured to allow said lens car-
tridge to be initially loaded in a longitudinal direction of said
lens injecting device, and then rotated into a fully locked
position.

12. A system according to claim 1, wherein said lens
cartridge is provided with a tab defining a portion of said
locking arrangement.

13. A system according to claim 12, wherein said tab
extends from said lens holding portion of said lens cartridge.

14. A system according to claim 13, wherein said tab
extends perpendicularly from said lens holding portion.

15. A system according to claim 12, wherein said lens
cartridge includes at least one guide for guiding and cen-
tering said lens cartridge within said lens cartridge receiver.
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16. A system according to claim 12, wherein said lens
cartridge is provided with a lens receiving passageway
having a fixed size and shape cross section leading to a
downwardly tapering passageway for further folding the
deformable intraocular lens.

17. A system according to claim 1, wherein said rotary
connecting arrangement includes means for positively lock-
ing said lens cartridge from relative rotation with respect to
said lens injecting device.

18. A system according to claim 17, wherein said locking
means is releasable to allow said lens cartridge to be
removed from said lens injecting device after being once
placed in a fully locked position.

19. Alens injecting device for use with a lens cartridge for
inserting deformable intraocular lens in the eye, said lens
injecting device comprising;

a barrel having a lens cartridge receiver;
a plunger movably disposed within said barrel;

a rotary connecting arrangement with the lens cartridge,
said rotary connecting arrangement configured to con-
nect the lens cartridge into said lens cartridge receiver
by rotating said lens cartridge in said lens cartridge
receiver of said barrel.

20. A lens injecting device according to claim 19, wherein
said locking arrangement configuration is defined by a slot
provided in a locking portion of said barrel cooperating with
a tab extending from said lens cartridge, said slot being
configured to allow said lens cartridge to be moved in a
longitudinal direction in said receiver of said lens injecting
device, and then rotated into a fully locked position.

21. A method of connecting a lens cartridge loaded with
an intraocular lens to a lens injecting device having a lens
cartridge receiver, comprising the steps of:

placing the lens cartridge into the lens cartridge receiver
of the lens injecting device; and

rotating the lens cartridge to a locking position to prevent
movement of the lens cartridge relative to the lens
injecting device in a longitudinal direction of the lens
injecting device.

22. A method according to claim 21, wherein said step of
placing the lens cartridge in the lens injecting device
includes moving the lens cartridge in the lens cartridge
receiver of the lens injecting device in a longitudinal direc-
tion of the lens injecting device prior to rotating the lens
cartridge to the locking position.

23. A method according to claim 21, wherein the lens
cartridge positively locks to the lens injecting device when
fully rotated to the locking position preventing inadvertent
relative movement between the lens cartridge and the lens
injecting device.



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Drawings
	Page 13 - Drawings
	Page 14 - Drawings
	Page 15 - Drawings
	Page 16 - Description
	Page 17 - Description
	Page 18 - Description
	Page 19 - Description
	Page 20 - Description
	Page 21 - Description
	Page 22 - Description
	Page 23 - Description/Claims
	Page 24 - Claims

